Abstract: Rural telecommunications projects in developing regions have a long history of unsuccessful experiences due to the complexity of such projects: Practically none of the dimensions of integral sustainability are straight forward in such projects. When sustainability becomes a priority, it is difficult for traditional alliances of development to account for all critical success factors. In the Peruvian Amazon Rainforest, some institutions have developed rural telecommunications projects along the Napo River during the last 10 years. The experience has shown at each stage what aspects of sustainability were not taken into account because the partners involved did not have all the needed capacities, and this has made the alliances of partners evolve in a sustainability-driven manner. This paper analyzes these cases and assesses how sustainability has evolved in relation to the structure of such alliances.
Introduction
Prospective studies state that 70% of the world population will live in cities by 2050. Following this trend, the development of telecommunications technologies supporting new services is more and more focused on urban areas. Mobile cellular networks are a clear example: While 2G was deployed targeting full coverage of most of the territory in many countries, 3G was deployed with coverage concentrated in populated areas and 4G coverage maps showing smaller spots in the main cities.
Living conditions in isolated rural communities in developing regions are difficult because they often lack access to basic services such as electricity, water, sanitation, healthcare, and education. ICTs could be key enablers of access to some of those services, but the rural-urban digital divide gets larger and larger as new technologies assume the conditions of densely populated areas. The reason for the rural-urban digital divide is three-fold: a difficult rural geography, high poverty rates, and a highly sparse population. This leads to high infrastructure deployment costs and low expected revenues, a fatal combination that prevents telecommunication operators from investing in rural telecommunications infrastructures, at least using conventional technologies and business models.
In this context, the EHAS Foundation has been working on real rural telecommunications projects since 2004, aiming to find the optimal conditions for deploying sustainable rural communications networks in isolated areas of several countries in Latin America, and more intensively in Peruvian regions such as the mountainous areas in the Cuzco province and the Amazon rainforest in several parts of the Loreto region. During the last 14 years, the target of those rural telecommunications deployments has evolved from telemedicine networks to general purpose telecommunications infrastructures; technologies have evolved to enhance the robustness, the capacity, and the quality of service support; furthermore, the business models proposed have become more complex and better suited for long-term sustainability in those regions. As well, during that process, the partnerships and alliances have evolved as feedback from previous projects showed how sustainability runs into problems as it develops. a direct relationship between the structure of heterogeneous interdisciplinary partnerships and alliances and sustainability has become more and more obvious, evolving from basic yet complex three-party alliances among NGOs, universities, and public institutions, to larger, complex networks involving Mobile Network Operators (MNOs) and Small Rural Operators (SRO), and making clear what the role of each of them is for the success of the project and for long-term sustainability.
This paper illustrates and evaluates the evolution of partnerships and alliances explained above specifically for the case of the Napo Network, in the Peruvian Amazon rainforest, considering three stages: In stage 1 the alliances considered sufficient included universities, NGOs, and public governmental institutions; in stage 2, Mobile Network Operators (MNOs) and more diverse public institutions were added; in stage 3, Small Rural Operators (SRO) and other technological partners were also included in the consortium, and local organizations closer to communities where also included. a simple sustainability model is used to evaluate the relationship among those alliances and sustainability.
State of the Art in Telecommunications Infrastructures and Services Sustainability
Incumbent operators in developing countries are usually reluctant to deploy rural telecommunications infrastructures in sparsely populated areas far from cities. The case for mobile cellular networks clearly illustrates the dynamics of the market: a MNO (Mobile Network Operator) needs to invest a great deal of money and effort in order to reach many small villages over a large area, while the expected revenue is very low. Moreover, many governments leave MNOs free to decide whether they will start providing their services in small villages, but once they provide connectivity they are forced to stay; this is the case for Peru and explains why operators don't provide any connectivity at all over large remote rural areas.
Under those circumstances, many researchers and experts in ICT4D (Information and Communications Technologies for Development) are trying to find new paradigms for connecting the unconnected and for providing services to underserved communities. a variety of the different approaches is explained in a taxonomy of "alternative networks" proposed in [1] . In the first decade of the XXI century, some alternative telecommunications networks were pushed by technological groups that were sensitive to the reality of unconnected remote areas; these pilots showed, firstly, the technical difficulties of deploying low-cost infrastructures over regions that lack electricity, access to existing supporting structures for telecommunications equipment, technical staff for maintenance, etc. Clear examples are the first telemedicine networks promoted by our consortia in Latin America [2, 3] , experiences promoted by KTH in Africa [4] , or networks deployed by the TIER group in Asia [5] , among others. Some of the most persistent groups investigated how to make those pilots sustainable and went beyond the technical issues, proposing appropriate maintenance models that took into account the hazardous conditions of telecommunications infrastructures in remote, underserved rural areas; the TIER group [5] and the EHAS group [6] are only two examples among many others.
In a second stage, interdisciplinary groups focused on aspects such as management and real, long-term sustainability of rural telecommunication infrastructures in remote regions [7] [8] [9] . The relevance of the participation of local communities as fundamental actors in all the stages of ICT4D projects becomes more and more important [4, 7, 10] , and some research certainly points to the Community Networks paradigm [1] being the way to promote integrally sustainable and appropriate telecommunications solutions for rural communities. Relevant examples of this trend can be seen around Zenzeleni networks in South Africa [9] , Rizhomatica in Mexico [11] , and the bottom-up community cellular network in Papua presented in Reference [10] .
However, from the "technical", top-down initiatives to more recent, bottom-up successful experiences, the big telecommunications operators have been seen as difficult partners from the point of view of all other stakeholders, as they are very powerful and have clear market-driven dynamics. The TUCAN3G project, funded by the European Commission, tried to fill this gap in the quest for solutions to connect the unconnected, and successfully deployed pilots of 3G cellular networks in remote areas involving an MNO [12, 13] . TUCAN3G marked the guidelines for making alliances with different stakeholders that seek more sustainable and scalable rural telecommunications networks with the participation of an MNO, an experience that should be seen as complementary to the also successful experiences of bottom-up initiatives with a strong emphasis on the role of communities.
Methodology
The raw material for this paper is the experience during a period of 10 years in the Napo Network, in which different projects have turned the initial telemedicine network deployed in 2008 along the Peruvian section of the Napo River into a combined infrastructure aiming at providing general telecommunications services in the region as well as improved telemedicine services.
The effectiveness of the alliances that developed this project at each stage for managing sustainability is partially based on the analytical framework proposed by References [7, 8] . The same dimensions of integral sustainability will be used, but instead of going into the details of CSFs (Critical Success Factors) for a particular project, the impact of partners participating in alliances in each dimension of sustainability is going to be evaluated instead. an evaluation of the global contribution of each partner to each dimension of sustainability is done ex-post, deciding whether that partner contributes to it or not in the short-term and in the long-term, and to what extent. Figure 1 shows the diagram that illustrates how the results of each stage in the Napo Project will be summarized in terms of sustainability management in Figures 2-4 . In that diagram, a connectivity icon is presented under the roles covered by the partners depending on the lever of contribution to the sustainability of the project. With this kind of graph, it is easy to show if a project is considering the different dimensions of sustainability and the different roles that are considered. 
Deployment of Telemedicine Services Stage
The Napo is an Amazonian river that begins in Ecuador and, after crossing to Peru, flows into the Amazon River. The section that passes through Peruvian territory, in which this article will focus, is about 450 km long and has more than 15 communities, most of them of indigenous population with less than 400 inhabitants. In this Amazon region there are very few roads and communications are usually made by river, which makes it slow and expensive to travel long distances due to the price of fuel. This difficulty to travel is combined with the lack of telecommunications infrastructure and makes this region one of the most isolated in the world, which affects the quality of primary healthcare services. The primary healthcare system of the Napo River has 11 medical posts and 3 medical centers, and the hospital with medical specialists is the Regional Hospital of the city of Iquitos, located at the mouth of the Napo with the Amazon. Due to the transportation difficulties already mentioned, a patient's access to a doctor may require 10 h of travel, and even more if specialized care is required. The duration and cost of this displacement represents a serious barrier to the right to health of the Napo River populations and makes the public healthcare system less efficient, which must invest in displacement an important part of its limited resources.
In order to strengthen the primary healthcare system in this area, the EHAS Foundation initiated, in 2008, a project that would offer telemedicine services to reduce the isolation of the health facilities in the Napo River. The objective was to put the health technicians of isolated communities in contact with their referring physicians through telephone and Internet services. Thanks to these services, health technicians can request help when diagnosing and treating patients, send epidemiological reports, share information about the inventory of medicines to avoid the loss of stock, coordinate emergency transfers, and send information about patients referred to the health center. But the deployment of a communication network in such a complex environment implies some challenges that cannot be addressed by a single organization while guaranteeing the sustainability of the network. That is why the EHAS Foundation made an identification of possible partners and formed a consortium to work on this project. The consortium consisted of 4 institutions: The EHAS Foundation (a non-governmental organization-NGO), Rey Juan Carlos University (URJC), the Pontifical Catholic University of Peru (PUCP) and the Regional Government of Loreto (GOREL). The following sections analyze the contribution of each of these institutions to the different dimensions of the sustainability of the Napo River network.
This initiative was the first of its kind at a time when there were no precedents for networks of this type. From the technological point of view, it was necessary to investigate a low-cost solution that did not require connection to an electrical network (nonexistent in the Napo River), which could withstand the high temperatures and humidity of the forest along with storms and electric shocks while offering broadband connection for telephony and telemedicine services. The universities of the consortium were responsible for the research activities. URJC worked on adapting WiFi technology so that it could be used in long distance networks [2] and selected and configured the communication equipment of the project [14] . For its part, PUCP contributed its knowledge of the jungle environments, and was responsible for the adaptation of the systems to support the climatic conditions of the forest and to carry out the installation in the field. It should be noted that WiFi technology was already available in local markets at an affordable price, and technological sustainability in the short term was ensured when using it. Moreover, URJC transferred the research findings to the PUCP in order to guarantee the technological sustainability in the medium term. Additionally, the PUCP could use its role as a university to train technical staff in order to ensure technological sustainability in the long term.
On the other hand, the simple fact of having broadband services in healthcare centers was not going to contribute to improving patient care. For this reason, the EHAS Foundation, a Spanish NGO specialized in Information and Communication Technologies (ICT) and healthcare in isolated environments, was in charge of identifying the needs of the healthcare system, and based on that analysis, designed telemedicine solutions and appropriate care protocols for the Napo healthcare system [15, 16] . These solutions were also transferred to the PUCP to facilitate the system's maintenance in the medium term.
Economic Sustainability
EHAS was responsible for coordinating the consortium and obtaining the non-refundable funds needed to deploy and maintain the network in the short term. This funding came from international development agencies such as the Madrid City Council (Spain) or the Spanish Agency for International Development Cooperation (AECID).
EHAS and PUCP worked together to develop a plan that would guarantee the economic sustainability of the network in the medium and long-term [6] . This plan identified the importance of involving the regional government of Loreto (GOREL) responsible for the public healthcare system in the region. The communication and telemedicine systems were expected to avoid unnecessary transfers of healthcare personnel and patients, and thus contribute to reducing fuel costs incurred by the GOREL. In return, the GOREL committed to allocating part of these savings to finance the maintenance of the telecommunications network in the medium and long term.
Institutional Sustainability
The telemedicine network has been operating since 2008 with a very high degree of acceptance by the health care staff and those responsible for the health system (GOREL). Health technicians feel more secure when being able to communicate by phone with their referring physician, which also increases the confidence of patients in the public system. However, GOREL has only partially exercised its commitment to maintain the network. The reason for this is that GOREL does not have personnel with adequate knowledge for the maintenance of telecommunications networks and the law does not allow it to allocate budget for the maintenance of this type of infrastructure. This situation forced PUCP and EHAS to continue exercising the responsibility of maintaining the network, but this situation was not sustainable in the medium and long term.
Cultural Sustainability
The PUCP was responsible for involving community leaders in order to provide cultural sustainability to the project. Thanks to this work, the Napo communities got to know and support the project: They provided spaces for the communication towers, contributed with the labor for its construction, supported the maintenance tasks, etc.
One of the difficulties during the first years was the increase of the traffic demand in the network due to the proliferation of applications like Skype, Facebook, or WhatsApp. The use of these services evidenced the need for communication of the healthcare personnel in these isolated communities. This was especially relevant among doctors and nurses, who, after receiving their degree, are usually assigned to work in rural communities for a year, under the condition that they will later be eligible for any other position within the public healthcare system. In fact, in recent years, personnel sent to the Napo River under these conditions have chosen this destination instead of others that are more accessible and less extreme but without access to the Internet. In order to prevent the use of social networks from collapsing the service, it was necessary to establish filters that would limit the use of these applications during working hours, but that would allow healthcare personnel to be in contact with their relatives and friends in their free time. In this sense, the cultural sustainability was dependent on the network being able to assume the users' demand for a greater bandwidth in the medium term.
Political Sustainability
The telecommunications sector usually has regulation designed to manage a scarce resource such as the radio spectrum, while ensuring that the service to end users offers an adequate quality. To deploy the Napo network, PUCP and URJC decided to use equipment that works in the ISM band (Industrial, Scientific and Medical), where it is not necessary to have a license to transmit telecommunications signals. Avoiding payment for these licenses greatly reduced deployment costs and contributed to ensuring the long-term economic and legal sustainability of the network. However, when working in these bands, the teams are susceptible to receiving interference from third parties that hinder or even impede communication. For this reason, this solution is appropriate only in rural environments where low population density means that there are few emissions in these frequency bands. This limitation prevents the scaling of this solution to urban or semi-urban environments but is adequate for the case of the Napo River in the short and medium term.
Limitations
During this first phase, the consortium managed to launch the initiative and guarantee its sustainability in all its dimensions in the short term, as summarized in Figure 2 . However, GOREL's difficulties in assuming the economic and technical maintenance of the network became evident after the first years of work. In addition, from a cultural perspective, the inhabitants of this region share the communication needs of healthcare personnel and claim to be able to access telephony and Internet services. However, offering access to the entire population posed several challenges: The most used technology for this was mobile (GSM or 3G), but it requires licensed bands with high costs; it was necessary to design and fund a maintenance plan to prevent and repair service failures; and offering services to the entire population requires registration as a telecommunication operator and compliance with strict regulation.
In order to solve these limitations, it was decided to expand the consortium with the participation of mobile operators (MNOs) that would help to find innovative solutions. This resulted in a new phase of work that we describe in the next section.
3G Deployment Stage
Involving a MNO in the consortium could help extend telephony and broadband services to the entire population while generating revenues that would guarantee the economic and technical sustainability of the network in the medium and long term. However, the coverage of cellular services in Peru (and in many low and middle-income countries) does not usually reach rural communities with less than 400 inhabitants. Specifically, in Peru there are still 62,826 population centers without coverage as it is not profitable for operators to offer services in these communities using conventional deployment and business models. These models, exclusively based on satellite communications with high costs for backhauling, are not suitable for small communities offering reduced revenues that do not cover operating costs. However, it is difficult to design a solution without the operators because they have the licenses to operate in the cellular telephone bands, and they also have the knowledge and the necessary infrastructure to manage both the networks and the demand of the customers. For this reason, in 2013, the EHAS Foundation began to work on a new collaboration model that would allow the Napo network to be used to bring 3G telephony services (voice and data) to communities under 400 inhabitants.
It was a complex challenge that required reducing the costs of rural deployments through new technological solutions and proposing innovative business models that would exploit synergies with public administrations and other rural actors, such as NGOs. an additional difficulty was the scarce information available on traffic demand and the income that could be expected in these communities, making it difficult to design business models. To address these issues, the consortium was expanded and included a Mobile Network Operator (MNO), which was Telefónica, a manufacturer of 3G equipment (IP Access), a university expert in 3G systems (Polytechnic University of Catalonia-UPC), and the Investment Fund in Telecommunications of Peru (FITEL), which depends on the Ministry of Transport and Communications of Peru. This consortium obtained funding from the European Commission to investigate these issues in what was known as the TUCAN3G project [17] .
Technological Sustainability
In this stage, UPC and URJC developed new technological solutions that allowed the use of wireless networks such as those of the Napo River to install 3G stations that would provide service to communities of less than 400 inhabitants. Likewise, IP Access provided 3G femtocells, which are base stations designed to provide 3G services to few users (as is the case in small communities) at a lower cost than conventional stations (designed for more users). The solutions proposed by URJC and UPC should be integrated by IP Access in their systems to ensure medium and long-term sustainability of the deployed technologies.
As a pilot, PUCP installed 3G femtocells in three Napo River communities and used the telecommunications network previously installed to connect these stations with Telefonica's central network in Lima, and thus provide service to Napo users. It should be noted that without the presence of EHAS and PUCP in this consortium it would have been very difficult to carry out a pilot deployment of these characteristics in such an inaccessible area.
Although the incorporation of IP Access to the consortium was promising, eventually this manufacturer was not willing to adapt the equipment to a context as demanding as the Amazon rainforest, nor to other requirements derived from the deployment in rural communities. This restriction did not pose a serious problem for the TUCAN3G project, but it does reduce the potential for scaling and the long-term sustainability of the project. The reason is that, in subsequent projects, it has been necessary to use commercial equipment that is already adapted to the climatic conditions of the rainforest, but that involves a higher cost because it is not designed for small communities.
Satellite communications where still used as an external service for a shared connection between the Napo's terrestrial rural backbone and Telefonica's core network. Although the new MEO (Medium Earth Orbit) satellite constellation operated by O3B was considered, a GEO (Geostationary Earth Orbit) satellite was finally used because of the high costs of terrestrial stations for MEO constellations.
Economic Sustainability
EHAS and FITEL conducted a cost analysis of the TUCAN3G solution and proposed new business models based on the sharing of resources among different actors in the rural environments [12] . The results obtained from the pilot showed that the solution proposed by TUCAN3G was technically and economically viable in the medium term, since the reduction of costs achieved allowed for the maintenance of the network with the income of small communities [13] . However, these studies also showed that the income obtained was not sufficient to compensate the investment required in jungle environments, therefore it was still necessary to look for subsidies to scale this type of solution to other regions and ensure sustainability in the long term.
Institutional Sustainability
Telefonica played a key role in this consortium, since it allowed the use of its central network for the interconnection with other operators' networks and with the network of fixed telephony and Internet. In addition, Telefonica provided its experience in the operation of the mobile phone market, necessary to design an appropriate business model and ensure the operation of the network in the long term.
On the other hand, in this type of project, which ultimately seeks to favor local development, it is usually recommended to include public institutions that provide legitimacy, sustainability, and scalability to the initiative. In the TUCAN3G consortium, FITEL was included as the public institution responsible for the promotion of telecommunications in Peru. This incorporation gave the project access to information of interest to the Peruvian government, greater perspective of scaling, and greater facility to dialogue with the regulator and strengthen sustainability in the medium and long term.
Cultural Sustainability
As already mentioned, thanks to the work carried out by PUCP and EHAS within the framework of the first consortium, the Napo communities were receptive and even demanded 3G services. Moreover, having the service of a recognized operator in Peru (Telefonica) also contributed to the acceptance of the service among the population in the short, medium, and long term. In fact, some of the inhabitants of these communities already had mobile phones and telephone cards from this operator, which they used on their trips to the city of Iquitos. Likewise, the personnel transferred to the area to work in healthcare facilities, in educational centers, or in city halls already had their own mobile phones. However, the penetration of mobile telephony reached in this intervention was 27%, which is far from the statistics offered by the ITU for developing regions (90% mobile telephony and 40% mobile broadband). This difference is explained by low-income communities, where there is usually a single cell phone for each family unit. If cell phone penetration does not grow over time, sustainability in the long term could be compromised. For this reason, it is interesting to complement the cellular telephone services with services to institutions, such as healthcare institutions, in order to diversify the income for the MNO.
Political Sustainability
FITEL's involvement showed the interest of the Peruvian government to support this type of initiative in the medium and long term. This interest is related to the responsibility of attending to the basic needs of the isolated populations, which cannot usually access their basic rights, and it is demonstrated that having communications is extremely useful to improve healthcare, education, and to promote the economic development of the community. For this reason, allocating public funds to subsidize deployments of 3G services or review regulatory frameworks is within the strategies of governments to improve living conditions in the most isolated communities.
Including Telefonica in the consortium allowed the use of licensed bands to offer the 3G service to end users, although the use of unlicensed bands was maintained for the backhaul network that connected the base stations with Telefonica's core network. However, when working with a commercial operator, it was necessary to consider the obligations that the regulator had regarding service downtime and repair times, which could result in sanctions and higher maintenance costs. This was a major concern for Telefonica throughout the TUCAN3G project, threatening the sustainability of this solution in the long term and which led the consortium to maintain conversations with the Peruvian regulator OSIPTEL. OSIPTEL considered that the quality of the service should be equivalent in both rural and urban areas in order to avoid maintaining the digital divide between these areas. For this reason, it was not willing to establish specific service conditions for rural areas, although this would entail an additional cost and therefore a barrier to the deployment of 3G services in these areas.
Limitations
Extending the consortium and involving international actors (companies, manufacturers, research centers, etc.) was a great opportunity to address the complexity of the problem and to identify new challenges, improving in this way the sustainability of the initiative, as shown in Figure 3 . One of these new challenges was to establish mechanisms to scale up this type of solution. Scaling up TUCAN3G depended entirely on Telefonica, which on the other hand showed reluctance to replicate this type of solution due to regulatory restrictions and the required investment that was not covered by the expected income. In this context, both the regulator and the government have a key role because they have the responsibility to establish measures to encourage the extension of cellular coverage to isolated areas. The investment issue was covered by the participation of FITEL and by the investment strategies of the Peruvian government in the medium and long term. On the other hand, OSIPTEL was willing to establish a new role in the Peruvian legal framework to facilitate the deployment of rural 3G services: The Small Rural Operator (SRO). The SRO opened the door to avoid working with large operators such as Telefonica, and work instead with a small company, which is more flexible and better adapted to the characteristics of rural deployments, as discussed in the next section.
Scaling Phase
Once the technical and economic feasibility of the TUCAN3G proposal was verified, it was still necessary to verify its technical and economic viability in the long term. Large operators such as Telefonica are aware that they need to find solutions for rural environments due to pressure from governments and the need to attract new customers. However, rural communities have a high opportunity cost because they obtain more benefits in urban or peri-urban areas where competition is stronger. For this reason, Telefonica was reluctant to assume the responsibility of scaling up TUCAN3G and assuming the maintenance and management of this type of network. That is where the new role defined by the Peruvian regulation, the SRO, becomes important.
The SRO is an operator with license to deploy access and transport networks in communities without service, but does not have its own core network and therefore has to direct its traffic to the central network of a large operator in order to manage customers and interconnect with other networks. The MNO pays the SRO a rate for each minute of voice or per Mbyte of data transferred, and in return the SRO is authorized to use the frequencies of the MNO. Moreover, the SRO may require the regulator to mediate in the negotiation process if the MNO is not willing to reach an agreement. This opens the door to small operators interested in entering the market niche of rural communications.
From the MNO's point of view, the role of the SRO is interesting, since it allows them to attract new clients and meet the demands of governments while limiting the resources allocated to this goal. For this reason, the EHAS Foundation and some of its partners decided to start a new stage in which they included an SRO in the consortium. This SRO was Mayu Telecomunicaciones, which was the first SRO registered in Peru. The consortium was also expanded with PANGO, a Peruvian NGO that manages the Napo River healthcare system, and with Hispasat, a satellite operator that should connect isolated regions. In this way, the consortium was formed by EHAS, PUCP, Telefonica, Hispasat, and PANGO. The GOREL is also connected to this consortium since it is the owner of the communications towers and has the ultimate responsibility for healthcare in the region. The NAPO initiative is explained in the video "From TUCAN3G the NAPO-CAF project", whose link is available at supplementary materials.
Technological and Economical Sustainability
With this new consortium, EHAS has obtained the support of the American Development Bank (CAF), which is financing the deployment of 3G services in 15 communities in what has been called the NAPO Project. For CAF, this model was particularly interesting because it combines the interests of operators with the interests of developing, isolated rural areas. The involvement of a bank such as CAF strengthens the chances of scaling up this initiative, since it can offer loans to large operators, SROs, or governments that want to replicate this initiative.
In this new consortium, Mayu assumes responsibility for the maintenance of the telecommunications network. In this way, in exchange for being able to take advantage of the infrastructure already deployed in previous projects (and thus reduce their CAPEX and OPEX costs), Mayu offers connectivity for telemedicine services to EHAS, PUCP, and PANGO. This reduction in CAPEX and OPEX allows Mayu to assume the cost and maintenance tasks of the network, which helps to guarantee the sustainability and availability of the telemedicine services that operate over it.
As this is a very isolated region, the only possible terrestrial gateway to operators' core networks is in Iquitos city and it is a wireless backbone with no capacity available. Therefore, satellite communications are still needed to offer quality communications. Very powerful enterprises such as Google or SpaceX are working on LEO (Low Earth Orbit) satellite constellations that would be very interesting when available in the near future. Important organizations such as Geeks Without Frontiers, which share our interests and goals, are already taking positions in this sense. However, the best solution currently available is a GEO satellite. Hence, in the case of the Napo River, the deployed network connects through one of Hispasat's GEO satellite with Telefonica's core network, waiting for better terrestrial or spatial solutions to be available.
Institutional Sustainability
The incorporation of PANGO as manager of the healthcare system in Napo helps to guarantee that healthcare personnel really assume the telemedicine protocols and that remote support to healthcare technicians is foreseen by the organization. In addition, PANGO will work with EHAS and PUCP to include m-health solutions in the telemedicine network, which in previous EHAS research has been shown to reduce maternal mortality [18] .
The role of Telefonica in the consortium would be dispensable once Mayu is incorporated, but this is explained by the interest of this multinational in expanding this model to other countries. Hispasat, in turn, seeks to study what role satellite communications can play in deployments in isolated areas which are note reachable with terrestrial links.
Cultural Sustainability
For end users, the operator that provides the service is Telefonica, and therefore the SRO entrance does not modify the acceptability that the service had achieved with the TUCAN3G. This also contributes to scaling up and long-term sustainability, since the publicity and management of the client portfolio (billing, collection, claims, etc.) is still Telefonica's responsibility and the SRO does not have to allocate resources to those tasks.
Political Sustainability
In this stage, the goal was to formalize a model that was fully commercial and scalable, compared to previous stages with an experimental and research perspective. For this reason, those ultimately responsible for the service (Telefonica and Mayu) insisted on signing a detailed agreement that required several months of negotiations. The first step in the formation of the consortium was the agreement between Mayu and Telefonica. Although Mayu could request the mediation of the regulator (OSIPTEL), it was preferable for both parties to find a solution without intermediaries since it would be more stable in the medium and long term. Initially, the agreement between Mayu and Telefonica was restricted to voice services, but the consortium's proposal led to the extension of this agreement to include data services.
After guaranteeing the agreement between Telefonica and Mayu, a Memorandum of Understanding among all the consortium partners was formalized. This process was especially slow because Telefonica is an extremely large and complex operator, and different departments had opposite visions about this project. While the Rural Business Department saw it as an opportunity to provide coverage in the most remote communities, other departments considered the SRO model as a competitor that reduced Telefonica's profits. In addition, the delimitation of responsibilities was a crucial aspect for Telefonica's legal department, which had to approve the MoU. The internal discrepancies and the uncertainty associated with an innovative project made the negotiation process last more than a year. In this process, the management of the Innovation and Development area of Telefonica had a key role since they provided a more strategic vision with a greater perspective of internalization and the long term success of the initiative.
At the same time, EHAS and PUCP negotiated with the GOREL the assignment of the towers for this new stage, in which it was no longer just a matter of providing telemedicine services, but of offering voice and mobile data to the Napo communities. Being an initiative with a commercial aspect, GOREL had to review the agreement in more detail before proceeding to sign it, but the agreement was ready before the negotiation with Telefonica was completed.
Conclusions
Sustainability of communication services in rural areas is a complex issue that has been analyzed from different perspectives in recent years. This paper complements previous studies by considering the contribution of different partners to each dimension of sustainability. The experience here presented shows how alliances among different actors make telecommunications networks sustainable in isolated areas, but the scarcity of resources and the limitations of their isolation implies that scaling up these solutions depends on the funding of governments or international institutions. This funding would be justified by the contribution that communication services make in areas such as health, education, or economic development. But to guarantee this contribution, the role that NGOs and local universities play in managing the cultural and institutional aspects of the deployments is fundamental. On the other hand, the telecommunications sector is extremely complex, both from the technological perspective and from the point of view of managing legal and commercial aspects, which makes it almost indispensable to include operators. However, operators are often reluctant to adapt to the needs of isolated communities. The SRO can serve in the interlocution of these different perspectives by providing the specific knowledge of the sector combined with flexibility and adaptability. The balance inside these multidisciplinary alliances contributes to guaranteeing the sustainability of the initiatives in the long term, as shown in Figure 4 .
It is also important to note that Mayu (the SRO) has been growing and expanding since it was created two years ago, and that confirms that there is an important market niche for this kind of company. Giants in the telecommunications sector such as Facebook and Google are also presenting their own ideas to connect a billion people who live in rural areas. Others such as OneWeb, Telesat and SpaceX are specifically working on manufacturing and deploying LEO satellite constellations. However, although these emerging technologies will certainly be of interest, pilots testing them and including a local development perspective with an integral sustainability approach will be needed. That is why we propose creating alliances that ensure that the deployment of telecommunication services in isolated areas brings a real improvement in living conditions in isolated regions. 
